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(57) Abstract 



An isolated DNA molecule encoding a protein from a plant, which protein has pantothenate synthetase activity; a non-naturally 
occuring chimeric gene comprising a promoter operably linked to a DNA molecule encoding a protein from a plant having pantothenate 
synthetase activity; a recombinant vector comprismg the chimeric gene wherein the vector is capable of being stably transformed into host 
cell, a host cell stably transformed with a vector wherein the host cell is capable of expressing the DNA molecule; a method for assaying a 
protein having pantothenate synthetase activity; the use as herbicides of compounds which inhibit pantothenate synthetase, and a herbicidal 
composition, comprismg one or more active ingredients which show significant pantothenate synthetase inhibition in an assay, are disclosed. 
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HERBICIDES TEST METHOD 

Th inv ntion r lates to plant enzymatic activity, and aspects thereof, 
involved in the biosynthesis of Coenzyme A. The invention particularly 
relates to the plant enzyme known either as pantoate-p-aianine ligase (EC 
6.3.2.1), pamoate activating enzyme or pantothenate synthetase (PS). PS 
catalyses the synthesis of pantothenate. 

PS is an essential enzyme in the in plants biosynthesis of the vitamin and 
Coenzyme A precursor pantothenate, it is known to catalyse the following 
reaction: 

ATP + (/?)-pantoate + jJ-alanine AMP + pyrophosphate + (R)i3antothenate. 

PS genes have previously been isolated from Eschertohia ooli (GenBank 
accession number P31663), Bacillus subWis (GenBank accession number 
P52998), and the cyanobacterium Synechocystis (GenBank accession number 
U44896). DNA sequences from Saccharomyces cerevi^e (GenBank 
accession number P40459) and S^imsaoGhammyoes pombe (GenBank 
accession number Q09673) having unknown functions have been proposed to 
code for PS enzymes based on ONA and deduced amino acid sequence 
similarities. To date, however, no gene has been reported which codes for the 
PS enzyme in any plant species. It is therefore an object of the invention to 
identify, isolate and sequence a gene coding for the PS enzyme present in 
plants. 

A number of assays have been reported for measuring PS activity. One assay 
developed by Maas (1950a and 1950b) uses a miaobiological assay of 
pantothenate based on the ability to promote growth of an £ coll pantothenate 
auxotroph (M99-1 , panC). The assay developed by Pfleiderer et al (1960) 
measures the AMP liberated in the PS reaction. In this assay, myokinase 
catalyses the production of 2 moles of ADP for each mole of AMP released in 
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pantothenate synth sis using ATP supplied in the assay mixture. Pyruvat 
kinase then generates 2 moles of pyruvat and ATP for 2 moles of 
phospho noipyruvat and AOP. Finally, lactate dehydrogenase reduces 2 
moles of pyruvate to yield 2 moles of lactate concomitant with stoichiom trie 
oxidation of NADH to NAD, which can be monitored spectrophotometrically by 
following the absorbance at 340 nm. A third assay, developed by Miyatake et al 

(1979), employs an assay mix containing I^C-M'^nine and unlabelled 

pantoate. in this assay any 1^C-pantothenate formed is separated from 

unreacted '^^C-p-alanine by cation exchange chromatography and 
subsequently quantified by liquid scintillation counting. These assays, 
however, are not suitable for use with high throughput biochemical screening 
and cannot be used for the large scale biochemical screening of compounds 
necessary to discover useful inhibitors of PS. 

We have developed an invention which addresses the above-mentioned 
drawbacks associated with the prior art. Our invention covers a number of 
related aspects which encompass the same inventive concept. 

According to a first aspect of the invention there is provided an isolated ONA 
molecule encoding a prdem from a plant, which protein has PS activity. In 
preferred embodiments, the DNA is isolated from Lofus japoniajs or 0/yza 
sativa. 

To support our invention we herein disclose the cDNA sequence from 
U^us japon'Kus. In addition, we have shown that a previously unassigned 
expressed sequence tag of Oryza sa6Va (GenBank accessk}n number D25017) 
is part of a cDNA coding sequence for a PS enzyme in Oryza sativa and 
disclose, as part of this invention, the full cONA sequence of the PS gene from 
Oryza sativa. Furthermore, we have confirmed by sequence similarity, 
functional complementation of an Escherichia coli mutant devoid of PS enzyme 
activity, and by enzyme assays that the ONA s quence from Saccharomyces 
cerev/s/ae (GenBank accession number P40459) putatively ascribed as coding 
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for a PS enzyme does cod forth PS enzyme tif Saccharomyces cerevisia .A 
cDNA sequence coding for a PS enzym in Lotus japonicus is provided in 
Figure 1 .2. A cDNA sequence coding for a PS enzym in Oryza sativa is 
provided in Figure 2.2. A ONA sequence coding for a PS enzyme in 
Sacchammyces cerevisiae is provided in Figure 3.3. As a result of our 
invention it is now possible to obtain tine DNA coding sequence for tirie PS 
enzyme(s) from any plant source using methods available to those skilled in 
the art. 

A further preferred embodiment of this aspect of our invention is an isolated 
DNA molecule encoding a protein from Lofas japonicus having PS activity 
wherein said protein comprises the amino add sequence set forth in Figure 
1 .2. A still further embodiment is an isolated DNA molecule encoding a protein 
from Oryza sativa having PS activity wherein said protein comprises the amino 
acid sequence in Figure 2.2. 

In addition, we have extended our invention to include a further aspect so as to 
provide a non-naturally occurring chimeric gene comprising a promoter 
operabiy linked to a DNA molecule encoding a protein from a plant having PS 
activity. Preferably, the protein is isolated from a dicotyledonous or a 
monocotyledonous plant, such as Loti/s japonicus or Oryza sativa. Preferably 
the amino acid sequence is selected from the group set forth in Figure 1 .2 
{Lotus japontous) and Figure 2.2 {Oryza sativa). 

We have developed our invention into another aspect which provides a 
recombinant vector comprising a chimeric gene, wherein the vector is capable 
of being stably transformed into a host cell. Also comprised in this aspect is the 
host cell stably transfomned with the vector wherein the host ceil is preferably a 
cell selected from the group consisting of a bacterial cell, a yeast cell, and an 
insect cell and is further capable of expressing the DNA molecule according to 
the invention. 
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In a still furth r aspect we have applied our invention to the recombinant 
production of the PS enzyme. In particular, the invention provid s a method of 
producing a prot in having PS activity in a host organism by firstly inserting a 
DNA sequence encoding a protein having PS activity into an expression 
cassette designed for the chosen host; inserting the resultant molecule, 
containing the individual elements linked in proper reading frame, into a vector 
capable of being transformed into the host cell; growing the thus transformed 
host cell in a suitable culture medium; and isolating the protein product either 
from the transformed cell or the culture medium, or both, and purifying it. 

In addition, we have developed our invention to provide methods for assaying 
a protein having pantothenate synthetase activity comprising; incubating 
pantothenate synthetase in a suitable reaction mixture in which pantothenate 
synthetase is capable of catalysing the conversion of pantoate, D-alanine and 
ATP to pantothenate, AMP and pyrophosphate; determining the amount of 
pyrophosphate fonmed by a colorimetric technique based on the assay for 
pyrophosphate developed by Chang etal. (1983); or converting the 
pyrophosphate formed by the catalytic activity of the pantothenate synthetase 
into inorganic phosphate by the catalytic activity of an inorganic 
pyrophosphatase, preferably yeast inorganic pyrophosphatase; and 
determining the amount of inorganic phosphate generated by the catalytic 
activity of said inorganic pyrophosphatase by colorimetric techniques, 
preferably by techniques based either on the assay for inorganic phosphate 
developed by Lanzetta et al. (1979) or on the assay for inorganic phosphate 
developed by Chiffiet et al, (1988). 

The production of PS, for example by using the recombinant methodology 
desaibed hereinabove, has enabled us to develop methods of using purified 
PS to screen for novel inhibitors of PS activity which may be used as 
herbicides to control undesirable vegetation in fields where crops are grown, 
particulariy agronomicaliy important crops sudi as maiz and other cereal 
crops such as wheat, oats, rye, sorghum, rice, bariey, millet, turf and forage 
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grasses, and the like, as well as cotton sugar cane, sugar beet, oilse d rape, 
and soybeans. 



In particular, the present invention relates to a method for assaying a chemical 
entity for the ability to inhibit the activity of a PS en2yme from a plant by: 

a) combining said PS enzyme in a suitable reaction mixture in which 

i) said PS enzyme is capable of catalysing the conversion of 
pantoate, Q-alanine and ATP to pantothenate, AMP and 
pyrophosphate; 

ii) the pyrophosphate liberated in the PS reaction is determined by a 
colorimetric method, preferably by a method based on the assay 
for pyrophosphate developed by Chang ef aL (1983); 

iii) or the pyrophosphate liberated in the PS reaction Is further 
converted to inorganic phosphate by the catalytic activity of an 
inorganic pyrophosphatase, preferably yeast inorganic 
pyrophosphatase; and 

iv) the inorganic phosphate generated by the catalytic activity of 
inorganic pyrophosphatase is determined by a colorimetric 
method, preferably by a method based on the assay for inorganic 
phosphate developed by Lanzetta et aL (1979) or by a method 
based on the assay for inorganic phosphate developed by Chifflet 
efd/.(1983); 

b) combining said chemical and said PS enzyme together in a second 
reaction mixture under the same conditions as in said first reaction 
mixture; and 

c) measuring the amount of pyrophosphate or inorganic phosphate 
produced in said first and said - second reaction mixture; 

wherein said chemical is capable of inhibiting the activity of said PS enzyme if 
the amount of pyrophosphate or inorganic phosphate measured in said second 
reaction mixture is significantly less than the amount of pyrophosphate or 
inorganic phosphate measured in said first reaction mixture. 
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Th assay principle invented here is not limited to measuring PS activity tnjt 
can be mploy d to measure any enzyme whose catalytic activity involv s the 
formation of a substrate-nucleotidyl reaction intermediat by transfer of the 
nucleotidyl moiety from the conresponding nucleoside triphosphate to a suitable 
substrate, thereby generating inorganic pyrophosphate as one reaction 
product. Such enzymes include, but are not limited to, all aminoac^UtRNA 
synthetases, asparagine synthetase, acetate thiokinase, dephosphocoenzyme- 
A-pyrophosphorylase and all enzymes catalysing the fomiation of nucleotide- 
diphosphate-sugars. The assays are preferably canried out on a microtiter 
scale and are preferably employed for the high-throughput biochemical 
screening of inhibitors of the enzymes. 

The present invention is further directed to probes capable of spedficaliy 
hybridising to a plant PS gene, cDNA or mRNA, wherein the probe comprises a 
contiguous portion of the coding sequence for a PS enzyme from a plant at 
least 10 nucleotides in length. 

A further aspect the invention provides a method of producing a ONA molecule 
comprising a DNA portion encoding a protein having PS activity by, 

a) preparing a nucleotide probe capable of specifically hybridising to a plant 
PS gene, cDNA or mRNA, wherein the probe comprises a contiguous 
portion of the coding sequence for a PS enzyme from a plant at least 1 0 
nucleotides in length; 

b) probing for other PS coding sequences in populations of cloned genomic 
DNA fragments or cDNA fragments from a chosen organism using the 
nucleotide probe prepared according to step a); and 

c) isolating a DNA molecule comprising a DNA portion encoding a protein 
having PS activity. 

DNA encoding the PS enzyme may be isolated from any desired plant species 
according to the invention. One method taught for isolating a plant PS coding 
sequence is represented by Example 1 . In this method cDNA clon s encoding 
a PS enzyme are identified from a library of cDNA clones derived from the 
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plant of interest based on their ability to supply PS en^matic activity to a 
mutant host organism deficient in this activity. Suitable host organisms for us 
in this m thod are those which can be used to screen cONA expression 
libraries and for which mutants deficient in PS activity are either available or 
can be routinely generated. Such host organisms include, but are not limited 
to. E. CO// pane (strain ATI 371). 

Alternatively, plant PS coding sequences may be isolated according to well 
known techniques based on their sequence homology to the Ljotus japonicus 
PS coding sequence set forth in Figure 1 .2 or to the Oryza sativa PS coding 
sequence set forth in Figure 2.2. In these techniques all or part of the known 
PS coding sequence is used as a probe which selectively hybridises to other 
PS coding sequences present in populations of cloned genomic DMA 
fragments or cDNA fragments (i.e. genomic or cDNA libraries) from a chosen 
organism. Such state of the art techniques include hybridisation saeening of 
plated DNA libraries and amplification by PGR using oligonucleotide primers 
corresponding to sequences conserved among known PS amino acid 
sequences. 

For recombinant production of the PS enzyme in a host organism, the plant PS 
coding sequence may be inserted into an expression cassette designed for the 
chosen host and introduced into the host where it is recombinantly produced. 
The choice of specific regulatory sequences such as promoter, signal 
sequence, 5 'and 3 'untranslated sequences, and enhancer appropriate for the 
chosen host is within the level of skill of those skilled in the art. The resultant 
molecule, containing the individual elements linked in proper reading frame, 
may be inserted into a vector capable of being transfonned into the host cell. 
Suitable expression vectors and methods for recombinant production of 
proteins are well known for host organisms such as E. coli, yeast and insect 
ceils. Specific examples include plasmids such as pBLUESCRIPT, pFLAG, 
pTrcHis, and baculovirus expression vectors, for example those derived firom 
the genome of Autogmphica califomica nuclear polyh drus virus. 
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Recombinantly produced plant PS can be isolated and purified using a variety 
of standard techniques. The actual techniques which may be used will vary 
depending upon the host organism used, whether the PS enzyme is designed 
for secretion, and other such factors familiar to those skilled in the art. 

Recombinantly produced plant PS is useful for a variety of purposes. For 
example, it may be used in an in vitro assay to saeen known herbicidal 
chemicals v/hose target has not been identified to determine if they inhibit PS. 
Such an in vitro assay may also be used as a more general screen to identify 
chemicals which inhibit PS activity and which are therefore herbicide 
candidates. Alternatively, recombinantly produced plant PS may be used to 
elucidate the complex structure of this enzyme. Such information regarding the 
stmcture of the PS enzyme may be used, for example, in the rational design of 
new inhibitory herbicides. 

Typically, the inhibitory effect on PS is determined by a significant reduction, a 
reduction that is greater than the margin of error inherent in the measurement 
tedinique, of pantothenate synthesis in the in vitro assay. Such a determination 
may be made simply by comparing the amount of pantothenate synthesised in 
the in vitro assay in the presence and absence of the candidate inhibitor. 

The disclosures in British patent applications 97 1 1 1 63.7 and 97 134 77.9 
from which this application claims priority, and in the abstract accompanying 
this application are incorporated herein by reference. 

The invention will be further described by reference to the following detailed 
examples. These examples are provided for purposes of illustration only, and 
are not intended to be limiting unless otherwise specified. 

Examples 

A number of standard techniques have been used during development of our 
invention. These includes: cloning of plant genes by functional 
complementation (for example Senecoff and Meagher, 1993); the use of 
inverse PGR to recover fragments of genes not present in conventional 
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libraries (Ocham et al, 1 989) and the us of DISIA sequence databases to 
discover PS genes cloned from other species which had unknown function at 
th time of their submission. 

Example 1 

Isolation of a cDNA clone encoding pantothenate synthetase from Lotus 
iaoonicus 

A L japonicus PS clone was isolated by functional complementation of £ coli 
AT1371 (panC4, A(gpt'proA)62, lacYi, t$x-29, gfn\/44(AS), ga/K2, V, racA 
hisG4(0cl rfbD^, xylAS, mM, argEZ(Oc), f/iM , described by Cronan et a/.. 
1982) from a cDNA libnary (from Corinna Tetzlaff, Department of Plant 
Sciences, University of Cambridge, Downing Street, Cambridge. CB2 3EA, 
UK.) The PS cDNA was found in a population of 50.000 ampicillin-resistant 
transformants of E co// AT1371. The PS clone (pLC), was subcloned and 
sequenced as summarised in Figure 1.1. The resulting nucleotide sequence 
(Figure 1 .2) revealed the presence of an open reading frame (ORF) encoding a 
polypeptide of 308 residues which is 61% similar to the protein sequence of PS 
from £ CO//. The open reading frame of PS was in frame with the /acZ on the 
pBLUESCRlPT vector which probably accounts for the expression of L 
japonicus PS and hence complementation of E. coli AT1371 

Example 2 

Isolation of a cDNA clone encodino pantothenate synthetase from Orvza sath/a 
A PS cDNA sequence from rice was found by nucleotide database searches as 
an expressed sequence tag (EST) of rice that had been submitted to GenBank 
(accession number D25017) on behalf of the Japanese Rice Genome 
Research Program. The full corresponding cDNA clone was obtained from Dr. 
Yuzo Minobe, National Institute of Agrobiological Resources, Kannondai, 
Tsukuba Ibaraki, Japan. This cDNA clone was called pRCI and subcloned and 
sequenced as shown in Figure 2.1 The nucleotide sequence of the 1.3kb Sa/I- 
Notl insert of pRCI and the predicted amino acid sequence of the PS gene are 
given in Figure 2.2. When this sequence was compared to other PS 
sequences, the similarity originally seen within the 5* EST region held for the 
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entire op n reading frame implying that the rice cDNA in pRC1 does code for 
PS. However, pRC1 did not complement the £. colipanC mutant. Thus, a 
fusion clone of lacZ and rice PS gene was derived from pRC2 (Figure 2.3) that 
allowed both transcription of the rice cONA and translation of the protein as a 
3-galactosidase fusion. Complementation of the E colipanC mutant with the 
rice pantothenate synthase gene was achieved using this fusion clone. 

Example 3 

Comparison of the amino acid sequences of known, or predicted to be. 
pantothenate svthetases 

When the amino acid sequences of known, or predicted to be, pantothenate 
sythetases were aligned (Figure 3.1), the putative PS protein sequences of 
Saccharomyces cerevisiae and Schizosaccharomyces pombe showed 
significant homology with £ coli PS. To confirm that the putative PS gene of 
Saccharomyces cerevisiae did code for an enzyme with PS activity, a phage 
clone (PM4950) containing a 20 Kb genomic fragment of the yeast 
chromosome IX which spans the putative PS gene was obtained from Dr. Carol 
Churcher, Sanger Centre, Hinxton Hail, Cambridge, UK. The open reading 
frame coding for the putative gene was subcloned in two steps for expression 
in £ coli as shown in Figure 3.2. in the resulting plasmid, pYCI , the yeast PS 
gene was under transcriptional control of the lacZ promoter However, PS was 
not in frame with /acZ and therefore was not expressed as a fusion protein. The 
nucleotide sequence and putative translation product of the 1 .5 kb EcoRV-* 
Hindlll genomic fragment in pYC1 are given in Figure 3.3. Yeast PS 
functionally complemented the panC lesion in £ co// AT1371, confinming that 
the gene did code for a functional PS. 

Example 4 

Isolation of the 5* and the 3^ ends of pantothenate synthetase from Lotus 
iaoonicus 

We expected plant PS to be located in the chloroplast, but there was no 
evidence from the PS cDNA clones of L japonicus and 0. sativa of any 
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chloroplast transit signals. Furthemiore, both enzymes were predict d to be 
cytosolic proteins by PSORT (Molecular Biology Tools, ExPasy WWW S rver). 

To clone 5' and 3' sequences of the PS gene inverse PCR (iPCR) was used. 
Genomic DNA was isolated from L Japonicus leaf tissue and prepared as 
described by Dellaporta a/ (1983). Aiiquots of Ljotus genomic DNA (8 ^9) 
were digested overnight with the following restriction endonucleases: SamHI. 
EcoR\, HincAW, Nott, SaA, Xbai, Xhol DNA fragments were precipitated >N\it\ 
isopropanol and resuspended in TE buffer before loading onto an agarose geL 
After electrophoresis, gel pieces corresponding to fragment sizes of between 2 
kb and 15 kb were isolated from the agarose gel, and purified using the US 
BioClean MP i^it (United States Biodiemical, Cleveland, Ohio, USA). Each 
reaction was ligated overnight at 14''C with 1 ,5 units of T4 DNA ligase in 
conditions which promote intra-molecular ligation. DNA was precipitated from 
the ligation mix with isopropanol, washed with ethanol, resuspended in sterile 
distilled water and used as templates in the following PCR step. 

PCR amplification was carried out using the Expand High Fidelity PCR system 
from Boehringer Mannheim, FRG, adopting the manufacturers protocol for 
amplification of DNA of a size of up to 3 kb. The design of L. japonicus PS- 
specific primers Li5 and Li3 (Li5: 

dCGGGAICCATGGTGGGAACGAGGGCGATGAG and U3: 
dCATC AAGCTTA TGTATCAAAGTGCCCCAGG) followed the general protocols 
for iPCR by Ochman et al (1989). Restriction sites incorporated into the Li 
primers are H/nc/lil in Li3 and SamHI in Li5 (underlined). Of all seven templates 
only the 8a/nHI-derived circular Lotus library was effective in iPCR reactions. A 
single product of 750 bp was obtained with a minor contaminant at about 
250bp. This iPCR product was cleaved by SamHI as expected and was cloned 
into the pCRII vector using the PCR T/A cloning kit (Invitrogen, NV Leek, 
Netherlands following the manufacturer's instructions). The EcoRI insert of the 
resulting plasmid was sequenced at the Centre of Molecular Recognition, 
Department of Biochemistry, University of Cambridge (Figure 4 A). By 
comparison with the L japonicus PS sequence, the genomic iPCR product 
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matched the cDNA's 3' and 5' ends and was assumed to contain authentic PS 
flanldng r gions. Th annotated nucleotide s quence is shown in Figure 4 B. 

While primer and cDNA sequences were straightfonfrardly identified within the 
iPCR product, analysis of the flanking regions was more difficult, since intron- 
exon borders can only be identified with some confidence. Prediction of splice 
sites according to Hebsgaard et al. (1996) at the NetPlantGene Server (Center 
for Biological Sequence Analysis, Technical University of Denmark, Lyngby, 
Denmark), suggested possible donor splice sites at positions 258 and 281 , and 
possible acceptor splice sites at positions 179, 316, 338 and 536 in the 
sequence given in Figure 48. These sites were found in the low probability 
threshold mode of the program to include nearly all true sites. Intriguingly, 
none of these splice sites are situated within regions conresponding to cDNA. 

There is one sequence feature of value regarding the question of the true 
translation start site within PS. This is a stop codon in the 5' flanking region, 21 
bases upstream from the putative initiation site, which is in frame with the PS 
ORF. If this stop codon forms part of the PS 5 -leader sequence as was implied 
in the splice site predictions, the ORF as encoded by the PS cDNA could 
safely be assumed to be complete. Specifically, this conclusion is conditional 
upon the absence of acceptor splice sites in between stop codon and cDNA 
start. The primary sequence information as such seems reliable firstly because 
a DNA-polymerase with proof reading activity was used in the PGR 
amplification and secondly because the chromatograms generated in two 
sequencing runs are both unambiguous. 

Example 5 

Cloning pantothenate svnthetase from Lotus iaponicus into an expression 
vector 

An expression cassette was generated from the L japonicus cDNA for PS 
using the PGR method of MacFerrin ef al (1990). Lotus panC ORF was 
amplified from ca. 25 ng of piasmid pLC. using the primers LG5 and LG3. LG5 
was designed to the start, ATG, codon of PS with an Xbal site highlighted in 
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bold type and a ribsome binding site, underlined, included in th PGR primer 

dCGCGCTCTAG AAGGAGGA ATTTAAAATGGCACCAATGGTGATATCTGAT. 

LC3 was designed to include the stop codon (TTA) of the ORF and an Xho\ 
restriction site, in bold, in the PGR primer. 
dGGGCGCTCGAGTTACAAGTTGATTTGTATGTT. 

The PGR product was cloned Into pBLUESGRIPT SK' ( Stratagene Ltd. 
Gambridge Innovation Gentre, 140 Gambridge Science Park. Milton Road. 
Gambridge. GB4 4GF, UK) using the Xbal and Xhoi restriction sites 
incorporated in the primers, and the resulting clone was refenred to as pSKL 
The expression cassette was designed to contain the L japonicus PS ORF as 
demonstrated Figure 5. The correct construct was confirmed by DNA sequence 
analysis (data not shown). 

Example 6 

Expression of pantothenate synthetases from Lotus iaoonicus. Orvza sativa. 
and Sxx^aromvces tserevisae in Escheru^a coU 
L japonicus PS was expressed in an £. colipanC mutant AT1371 because 
wild-type £ coli strains have considerable PS activity which would make 
purification of the recombinant enzyme more difficult. £ CO//AT1371 (panC) 
transfonned with the Lx)tus panC overexpressing plasmid pSKL was grown 
from single colonies overnight in 10 ml LB cultures containing 100 pg/ml 
ampicillin. Four 500 ml aliquots of 2YT medium (1.6% (w/v) bactopeptone, 
1.0% (w/v) yeast extract and 0.5% (w/v) NaGI in water) in 2 litre flasks 
containing 60 |jg/ml ampicillin and 20 pg/ml IPTG were each inoculated with 5 
ml of overnight culture and incubated at 37<>G with shaking (190 RPM) for 10 
hours before harvesting. £. coli cells were recovered by centrifugation (10 min. 
5000 RPM) and immediately resu^aended in 20 ml of buffer A (50 mM Tris HGI, 
1 mM EDTA, 0.1 mM DTT, pH 8.0). Geils were lysed by sonication. Two equal 
aliquots of the cell suspension were each sonicated 6 times for 30 seconds on 
ice. with a 30 second pause between each burst Gell debris was removed by 
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centrifugation (30 min, 12000 RPM) and the crude extract was assayed for 
enzymatic activity. 

Along with the Lotus PS expression done pSKL, expression of PS activity was 
examined with all other available PS clones, that is the /acZ-PS fusion clones 
of Lotus and rice (pLC and pRC, respectively), yeast panC (pYCI ) and £ coli 
panC (pCL). However, unlike pSKL clones, no attempt v^s made to optimise 
expression. Cnjde extracts from E. coli AT1371 transformed with these 
pantothenate synthase clones or with vector alone were assayed for 
pantothenate synthase activity using either pantoate or pantoyl-lactone as 
substrate. Crude extract from wild type E. co// was also assayed, and the 
results are shown in the appended table (Table 1 ) which includes previously 
reported PS activities. In all cases examined enzyme activities were much 
higher with pantoate than with pantoyl-lactone. Given that purified £ coli PS 
had no activity toward pantoyl-lactone (Miyatake et al., 1979), the residual 
activities seen here with the latter substrate are likely due to a hydrolysing 
activity present in the cell extracts. An activity that catalyses hydrolysis of 
pantoyl-lactone was previously implied by Maas (1952a and 1952b). Failure to 
detect activity in samples derived from the Lotus or rice panC-ZacZ fusion 
clones indicates lack of expression of enzymatically active PS. However, these 
clones were successfully used to complement a panC lesion in £ ooli and 
therefore must express at least low levels of PS activity. Activities found in wild 
type £ coli or ATI 371 transformed with vector alone are in accordance with 
previously reported values. 

Example 7 

Purification of recombinant Lotus iaponicus pantothenate svnthetase 
expressed in Escherichia coli 

A crude extract of £ coli ATI 371 transformed with the Lotus panC expression 
clone pSKL was prepared as described in Example 6. Starting from this crude 
extract, PS was essentially purified in two steps, ammonium sulphate 
fractionation and anion exchange chromatography. To the cleared extract (28 
ml), a saturated solution of (NH4)2S04 (12 ml) was added to reach a final 
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concentration of 30% (NH4)2S04. The solution was kept on ice for 1 hour with 
stirring to allow protein aggregates to form. Insoluble protein was removed by 
centrifugation (12,000 RPM, 30 minutes) at4**C. The supernatant was 
recovered (36 ml) and brought to 40% (NH4)2S04 saturation by addition of 6 
ml of saturated (NH4)2S04 solution. The solution was incubated and 
centrifuged as before. Pelleted protein aggregates were dissolved in 5 ml of 
buffer A and dialysed against 2 litres of buffer A overnight at 4 ""C. The dialysed 
solution was centrifuged at 12,000 RPM for 30 minutes, and the supernatant 
was directly used in the anion exchange chromatography step. 

The sample (5 ml) was loaded onto a Pharmacia FPLC MonoQ HR10/10 
column previously equilibrated in buffer A. The column was washed with 
equilibration buffer until A280 of the eluate was constant and below 0.1 , and a 
constant flow rate of 2 ml/min was maintained throughout the run. Protein was 
eluted in a linear gradient (80 ml) of 0 - 250 mM KCI in buffer A and 1 ml 
fractions were collected throughout the gradient and assayed for PS activity. 
Figure 6 shows the PS activity (Figure 6A) and protein (Figure 6B) profiles of 
this chromatographic step. The majority of PS activity eluted at ca. 1 00 mM KCI 
concentration. A second peak of PS activity eluted well separated from the first 
at just under 200 mM KCI along the gradient. This peak was broader than the 
first one and contained a much smaller but significant amount of activity. Since 
a homogenous overexpression product would principally be expected to elute 
in a single peak, separation of PS activity into two peaks was at first held to be 
an artifact. However, using a different column (MonoQ HR16/10) or changing 
gradient parameters including a solute change from KCI to ammonium acetate 
made no difference to the eiution pattern. Physical differences in between the 
PS proteins in peaks one and two that could account for this behaviour may be 
due to differential folding or post-translational processing. The fractions with 
highest PS activities in either peak were pooled as indicated in Figure 6A. 
Fractions 29 through 32 within the first peak gave sample PS-i (4 ml) which 
recovered 73% of PS activity loaded onto the column. Likewise, fractions 57 
through 60 from the second peak were pooled to give PS-II (4 ml) containing 



wo 99/42565 



PCT/EP98/0326] 



16 

12% of the original PS activity. Samples PS-I and PS-li together contained 
21.7 mgofPS. 

Both, PS*I and PS-II were dialysed against 1 litre of buffer A overnight at 4 ""C 
and centrifuged to precipitate insoluble protein. 500 pi aliquots of both PS-I 
and PS-II were loaded onto a Pharmacia Superose 6 column equilibrated in 
buffer A, maintaining a constant flow rate of 0.5 ml per minute and collecting 1 
ml fractions. PS activity from both samples eluted in single peaks at an equal 
retention volume after injection, indicating a similar native molecular weight for 
PS-I and PS-II. This step offers no further purification of PS. In fact, specific 
activity was slightly decreased In both cases as can be seen from the 
purification summary in Table 2. However, SDS-PAGE (Laemmli, 1970; 
Sambrook et ai, 1989) analysis of these samples revealed removal of some 
protein contaminants through gel filtration. Fractions 16 and 17 were pooled in 
each case to give samples PS-I/GF and PS-II/GF. Physical characterisation of 
recombinant PS is dealt with in the next section and was earned out on both 
PS-I and PS-II while kinetic analysis (Example 9) was restricted to PS-i. 

Example 8 

Characterisation of the recombinant Lotus iaponicus pantothenate svnthetase 
In order to confirm the identity of the overexpressed Lotus PS, N-terminal 
protein sequencing (Table 3) and amino acid analysis (Table 4) was earned 
out at the Protein and Nucleic acid Chemistry Facility in the Department of 
Biochemistry, University of Cambridge on an applied Biosystems 477A Protein 
Sequencer for both PS-I and PS-II. 

Alignment of N-terminal sequences obtained for PS-I and PS-ll to the 
theoretical N-terminus of L japonicus PS in Table 3 demonstrated that the 
purified recombinant protein is PS from L japonicus. The overexpressed 
protein was apparently processed at the N-terminus, and the majority of both 
PS-I and PS-ti lacked two N-terminal residues (methionine and alanine). 
However, some of the protein only lacked methionine giving rise to the 
secondary sequences observed. PS-I and PS-II differ somewhat with respect to 
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the proportions of these differentially processed species. This can be s en 
from the relative yields at which primary and secondary sequences w re 
obtained. Th less abundant protein species with N-terminal alanine 
sequenced at an average yield comprising 70% (PS-I) or 40% (PS-II) of that 
seen for the primary sequence. 

The theoretical molecular weight of recombinant L Japonicus PS is 34.2 kD, 
and this value is in reasonable agreement with the subunit weight obtained by 
SDS-PAGE analysis of the purified overexpression product (ca. 37 kD). The 
native molecular weight of PS-I or PS-tl was estimated by gel filtration to be 
72.8 kD implying the native protein is a homodimer. 

More accurate determination of the Lotus PS subunit molecular weight was 
achieved by electrospray mass spectroscopy ESMS (carried out on an 
electrospray ionisation (positive ion mode) quadrapole mass spectrometer 
(BioQ; V6, Manchester, UK) using software supplied by the manufacturer). The 
transformed mass data revealed the presence of two protein species both in 
PS-I and PS-II which differ by 72.3 Da and 70.3 Da, respectively. This 
conresponds well to the theoretically expected mass difference in between 
presence or absence of an N-terminal alanine, that is 71 .0 Da. Protein 
sequencing of recombinant PS had already shown that the N*terminal 
methionine was missing from the overexpression product while the following 
alanine residue was only partially removed. The main ESMS signal (100%) 
belongs to the lighter species and does therefore in alt likelihood correspond to 
PS with N-terminal proline. Likewise, the secondary signals obtained at 75% 
(PS-I) or 40% (PS-ll) relative intensity are due to PS with N-terminal alanine. 
As was concluded from the N-terminai sequencing data, the relative 
proportions of lighter and heavier PS species obtained here indicate PS-II was 
more efficiently processed than PS-I. 

The L japonicus PS ORF encodes a polypeptide of 308 residues with a 
predict d molecular weight of 34.2 kDa, and the processed recombinant 
protein (3-proline through 308-leucine) has a theoretical mass of 34,037.7 Da. 
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This is only in rough accordance with the weights obtained for PS-I (33,969.0 ± 
12.3 Da) and PS-II (33.967.0 ± 10.2 Da), that is these proteins are lighter than 
xpected by 68.7 Da and 70.7 Da, respectively. Given th accuracy of ESMS 
mass determinations, this discrepancy is presumably not due to a machine 
artifact. A possible explanation for the mass differences would be a mutation in 
the overexpression clone that might have been introduced through the PGR 
amplification of the L japonicus panC expression cassette. However, the PCR 
step in question was carried out using a polymerase mix including a proof- 
reading activity, and, as mentioned earlier, no nucleotide sequence changes 
were found in between panC cDNA and expression cassette. Alternatively, the 
overexpressed PS may have been further processed at the C-terminus, for 
example. 

Example 9 

A hiah-throuqhput assay for oantothenate svnthetase activity 
Three different assays have been reported previously for measuring PS activity 
(see above). The assays described by Maas (1950d and 1950b) and Miyatake 
ef a/ (1979) are either microbiological or radiometric, while the number of 
auxiiary enzymes and substrates required for the assay developed by 
Pfleiderer ef a/ (1960) makes this assay cumbersome, expensive, and limited in 
its application to low throughput screening only. Hence, all three assays are 
unsuitable for the large scale high throughput biochemical screening of 
compounds necessary to discover new inhibitors of PS. 

The applicants have developed in vitro assays which can be employed for high 
throughput biochemical screening for detecting inhibitors of this enzyme, to the 
use of these assays in the development of novel herbicides and in determining 
their mode of action, and to biological active inhibitors of pantothenate 
biosynthesis and herbicides obtained thereby. The assays are designed to 
measure the pyrophosphate liberated in the PS reaction either directly with a 
modified version of the coiorimetric assay for the determination of inorganic 
pyrophosphate originally described by Chang ef a/, (1983); or aft r its 
conversion with inorganic pyrophosphatase to inorganic phosphate, which is 
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then d termined with modified versions of the colorimetric assays for the 
determination of Inorganic phosphate originally described by Lanz tta et ai 
(1979) or ChifHet ef al. (1988). The assays are earned out at room temperature, 
preferably on a microtiter scale. 

1 . The preferred assay mixture to colorimetrically measure the pyrophosphate 
liberated in the PS reaction comprises 100 pmol Tris HCI (pH 8.0), 10 \mo\ 
MgS04, 5 Mmol ATP, 10 pmol Alanine, 0.5 pmol pantoate and 
pantothenate synthetase in a total volume of 100 pi. After a suitable 
incubation period the PS reaction Is temiinated by the addition of 10 pi of a 
0.8 M 2-mercaptoethanol in a 10 % (w/v) solution of sodium dodecylsulfate 
followed by the addition of 50 \A of a 2.5 % (w/v) solution of 
ammoniumheptamolybdate in 5 N sulfuric acid. After 20 minutes incubation 
at room temperature the intensity of the colour complex is determined by 
measuring the extinction at 620 nm. The amount of pyrophosphate liberated 
in the PS reaction is determined by reference to a standard curve 
generated from suitable amounts of pyrophosphate by using the difference 
of extinction at 620 nm between a complete PS assay mixture and a PS 
assay mixture lacking pantoate. One unit of PS activity is defined as the 
amount of enzyme producing 1 nmole of pyrophosphate per minute, and 
specific activity is expressed as units per milligram of protein. 

2. The preferred assay mixture to measure the pyrophosphate liberated in the 
PS reaction after its conversion with inorganic pyrophosphatase to 
inorganic phosphate comprises 100 pmol Tris HCI (pH 8.0), 10 pmol 
MgS04, 5 pmol ATP, 10 pmol p-alanine, 0.5 pmol pantoate, 1.0 unit yeast 

inorganic pyrophosphatase and pantothenate synthetase in a total volume 
of 100 Ml- After a suitable incubation period the PS reaction is terminated 
either 

a) by the addition of 1 00 \x\ of a reagent mixture comprising 62.3 Dg 
malachite green hydrochloride, 1 .9 mg ammoniumheptamolybdate 
and 0.5% (v/v) of a suitable detergent (for example Triton X-100, 
Tween-80 or Tergitol NPX) in 1.88 N hydrochloric acid. The resulting 
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colour complex is stabilised by the addition aft r 1 minut of 50 pi of 
a 26 % (w/v) solution of trisodium citrate dihydrate In water and after 
an additional 45 minutes incubation at room temperatur tiie 
intensity of tlie colour complex is determined by measuring the 
extinction at 620 nm. The amount of inorganic phosphate liberated 
in the PS reaction is determined by reference to a standard curve 
generated from suitable amounts of inorganic phosphate by using 
the difference of extinction at 620 nm between a complete PS assay 
mixture and a PS assay mixture lacking pantoate. Since there are 2 
molecules of inorganic phosphate liberated for every molecule of 
pyrophosphate formed in the PS reaction, one unit of PS activity is 
defined as the amount of enzyme producing 2 nmoles of inorganic 
phosphate per minute, and specific activity is expressed as units per 
milligram of protein; or 
b) by the addition of 100 |jl of a reagent mixture comprising 3 mg 
ascorbic acid, 0.5 mg ammoniumheptamolybdate and 1 mg sodium 
dodecylsulfate in 0.7 N hydrochloric acid. The resulting colour 
complex is stabilised by the addition after 7 minutes of 50 pi of a 6 % 
(w/v) solution of trisodium citrate dihydrate in water and after an 
additional 20 minutes incubation at room temperature the intensity of 
the colour complex is determined by measuring the extinction at 620 
nm. The amount of inorganic phosphate liberated in the PS reaction 
is detennined by reference to a standard curve generated from 
suitable amounts of inorganic phosphate by using the difference of 
extinction at 620 nm between a complete PS assay mixture and a 
PS assay mixture tacking pantoate. Since there are 2 molecules of 
inorganic phosphate liberated for every molecule of pyrophosphate 
formed in the PS reaction, one unit of PS activity is defined as the 
amount of enzyme producing 2 nmoles of inorganic phosphate per 
minute, and specific activity is expressed as units per milligram of 
protein. 
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In ord r to determine the linear range of the assay used here, recombinant PS 
purified through the anion exchange chromatography st p was assayed by 
method 2d, using final p-alanine and pantoate concentrations of 1 0 mM and 
0.5 mM, respectively. When various amounts of PS were assayed, a 
proportional relationship of inorganic phosphate formed and enzyme amount 
was obtained In between 1 and 4 |jg of protein (Figure 7A). Furthemiore, when 
a given amount of PS was assayed for different time periods, a proportional 
relationship of inorganic phosphate fonned and incubation time is obtained in 
between 0 and 20 minutes of incubation (Figure 7B). 

Examole 10 

Biochemical properties of recombinant Lotus iaoonicus pantothenate 
synthetase 

The recombinant L japonicus enzyme investigated here was found to require 

pantoate, p-alanine. ATP and Mg^"** for activity. The pantoate analogues 
pantoyl-lactone and ketopantoate were not active as substrates in the place of 
pantoate. When present at 1 0-fold excess over pantoate, these analogues did 
not effect significant inhibition (Table 5). 

With 100 mM Tris HCI buffer optimal PS activity was achieved at pH 8.0. 
Activity decreases sharply towards more acidic pH*s and is nil at pH 7.0, while 
there is only a slight decrease towards higher pH*s with ca. 75% activity left at 
pH 9.0. 

Km and Vmax constants for pantoate and p-alanine were detenmined by 

measuring the effect of substrate concentration on the reaction rate. Either 
pantoate or p-alanine were kept at a constant concentration of either 0.5 or 20 

« 

mM, and activity assays were carried out using variable concentrations of the 
other Plotting the PS activity as a function of substrate concentration 
according to Lineweaver and Burk (1934) and Eadie (1942) and Hofstee (1959) 
revealed the kinetic constants as listed in Table 6. 
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Lotus PS suffers from substrate inhibition by pantoate, which becomes 
significant at pantoate concentrations of 400 |jM or higher. The effect of 
pantoate concentration on Km and Vmax for 3*alanine was as expected for 
pure uncompetitive inhibition, that is both constants decreased with increasing 
pantoate concentration while their ratio remained constant Km over Vmax for 
Q-aianine derived from Lineweaver-Burl< analysis equalled 0.106 and 0.104 for 
pantoate concentrations of 20 mM and 0.5 mM, respectively. When the rate 
equation for uncompetitive substrate inhibition was fitted to the PS activity data 
for pantoate, values of 42 ± 2 mM and 5.33 ± 0.34 mM were derived for Ks and 

K'S, respectively. Vrnax is 1 1.03 ± 0.19 units in this fit which is equal to a kcsA 

value of 0.625 ± 0.01 1 sec^ . The Ks and kcai values are very similar to Km 
and /Coat as derived from linearised plots of activity data. 

Using the rate equation for uncompetitive substrate inhibition and the values 
for Ks and K's obtained in the fit, an optimal pantoate concentration of 470 ± 

30 \M was calculated. 

PS was also assayed in the presence of various compounds that might be 
expected to possess regulatory properties towards the enzyme. Among these 
compounds are the interrnediates of pantothenate biosynthesis as well as 
coenzyme A. As coenzyme A plays a prominent role in fatty acid synthesis and 
degradation, various acyl forms of coenzyme A and free fatty acids were also 
included. PS was not assayed at optimal substrate concentrations, but 
pantoate and p-aianine were present at concentrations close to the respective 
Km values (0.1 mM and 1 mM). Table 7 lists the compounds tried and their 

effect on PS activity which is expressed percentage of activity in an assay 
without additions. 
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Table 1 

Expression of pantothenate synthetases in £ co// AT1371 (oanC) and yyrild type 
strains 



Mm 0^^tt A^WaIm 

G%W STiBIII 


V6CIO1 


Spedfie Activity (U/mgl using 
Pamoate OR Pantoyl4acton6 


nefarafica 


ATI 371 ipana 


pSKL 
Lows PS 


8.7 


not detected 




ATI 371 U>anC) 


pLC 

Z.ott/s PS-lacZ 


not detected 


not detected 




ATI 371 {panO 


pRC 

rice ?S-lacZ 


not detected 


not detected 


• 


ATI 371 {panO 


pYCI 
yeast PS 


88.0 


3.1 


this study 


ATI 371 (pa/jQ 


pCL 

£. CO// PS 


957.4 


6.0 




ATI 371 ioanC) 


oBluescriDt 


not detected 


not detected 




K12 (wild type) 




13.4 






K12 (wild type) 
ATI 371 ipanQ 




8.1 - 8.7 _ 
< 0.001 (not detected) 


Cronan et aL 
(1982) 


B (wild type) 




4.1 




Miyatalce et 
al. (1979) 


W (wild type) 




1.3 




Pfleiderer et 
al. (1961) 
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Table 2 

Summary of the purification procedure for recombinant Lotus iaponicu^ 
pantoth nat svnth tase. 

PS was assayed using pantoate and p-alanine at final concentrations of 1 mM and 10 
nnIM, respectively. Protein was assayed according to the method of Bradford (1976), 
using the Bio*Rad Protein reagent and microprotein assay in accordance with the 
manufacturer's instructions. Bovine serum aibumine was used to calibrate the assay. 



Sample 


total protein 
(mg) 


total Uitits 
(nmoles/niin) 


Specific. 
Activity 
(U/mg) 


recovery 
(%) 


purification 


Cleared 
extract 


908.6 


27410.2 


30.2 


(100) 


(1) 


(NH4)2S04 
30 - 40% 


209.7 


33030.6 


157.5 


121 


5.2 


MonoQ - PS-I 


17.8 


24160.8 


1 357.3 


88 


44*9 


MonoQ • PS-II 


3.9 


4070.7 


1038.5 


15 


34.1 


Superose6 - 
PS-1 <a» 


2.16 


2386.6 


1104.9 


79 <W 


36.3 


Superose6 - 
PS-II <a> 


0.44 


400.8 


911.0 


79 (W 


29.9 



(a) Aliquots of the MonoQ - PS-I - pool (2.2 mgs of protein in 0.5 ml) or the 
MonoQ -PS-II - pool (0.5 mgs of protein in 0.5 ml) were purified further by 
Superose 6 geifiltration. PS activity from both PS-I and PS-II eluted in a single 
peak at identical retention volumes. 



(b) The recovery is expressed with respect to the activity loaded onto the 
gelfiltration column. 
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Table 3 

N't rminal protein sequences of PS>I and PS-It proteins and predicted 
sequence for Lofus iaponicus pantothenate svnth tase 



Predicted sequence (a) ; MAPMVISD KDEMRKWSR 

lO sequence (b): PMVISDKDEMRKWSR 

2^ sequence (b): APMVISDKDEMRKWSR 



(a) N-terminal protein sequence predicted from the Lotus japonicus ORF for PS (cf . 
Figure 1.2). The residues underlined correspond to the nucleotide sequence of the 
PGR primer used in the production of the overexpression clone. 

(b) Identical N-tentiinal protein sequences were obtained for PS-I and PS-II. The molar 
yield of secondary sequence as compared to primary sequence was ca. 70% in 
case of PS-I and ca. 30% for PS-II 
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TabI 4 

Amino acid compositions obtained bv amino add analysis for PS-I and PS-II. 



Amino acid 


expected value 


integer fit of measured mole ratios to expected 
values 






PS-I 


PS-II 


Cys 


5 


5.64 


not determined 


Asp 


33 


35.24 


33.67 


Thr 


6 


6.14 


6.71 


Ser 


23 


18.79 


19.96 


Giu 


30 


24.78 


25.19 


Giy 


26 


28.50 


26.20 


Ala 


19 


20.02 


19.76 


Val 


33 


30.70 


32.76 


Met 


7 


7.03 


not determined 


He 


20 


20.37 


19.84 


Leu 


22 


24.56 


23.78 


Tyr 


7 




O.O 


Phe 


13 


15,07 


13.01 


His 


8 


7.64 


12.11 


Lys 


20 


20.89 


22.52 


Arg 


17 


16.97 


16.17 


Pro 


12 


11.67 


10.82 


Trp 


5 


not determined 


not determined 



306 residues 
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TabI 5 

Substrate specificity of the recombinant Lotus iaoonicus pantothenat 
synthetase. 



Pantoate p-aianine change from standard assay activity (units) yield (%) 



0.1 mM 


1 mM 




12.51 


(100) 


0.1 mM 






0 


0 




1 mM 




0 


0 




1 mM 


pantoyl-lactone (1 .0 mM) 


< 0.1 


< 1 




1 mM 


pantoyi-lactone (10 mM) 


0.15 


1 




1 mM 


ketopantoate (1 .0 mM) 


0 


0 




1 mM 


ketopantoate (10 mM) 


0 


0 


0.1 mM 


1 mM 


pantoyl-lactone (1.0 mM) 


11.53 


92 


0.1 mM 


1 mM 


ketopantoate (1 .0 mM) 


12.18 


97 
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Table 6 

Steady state kinetic constants for the recombinant Lotus oantothenat 
synthetase. 



Vmax'^' lunits] *cat ''^^ Iseo'h 



11.36 (LB) 
10.98 (EH) 



0.63 



9.52 (LB) 
9.51 (EH) 



0.54 



Substrate 



Pamoate 

(p-alanine at 20 mM 

const.) 

P-alanine 

(pamoate at 0.5 mM 
const.) 



45 (LB) 
44 (EH) 

990 (LB) 
986 (EH) 



(a) Kinetic constants were derived according to Uneweayer-Burk (LB) and Eadie- 
Hofstee (EH). 

(b) Calculation of kcat i$ based on the t/max-i^^an from LB* and EH-determinations 
using the known enzyme amount per assay and a molecular weight of 34 kD. 
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Table 7 

Activity of recombinant Lotus pantothenate svnthetas in th ores nee of 
various potential eff dors. 

Pantothenate synthetase activity obtained with individual compounds is expressed as a 
percentage of activity in an assay without effector. The assay was carried out using 
pantoate and ^-alanine at concentrations of 0.1 mM and 1.0 tntA, respectively* 



Compound Concmtntkui FMaetMly 

[mM] 1%J 







(100) 


a-KIVA 




89 


Ketopantoate 


1 


97 


PantoyMactone 




92 


Pantothenate 




98 


Pyrophosphate 




78 


CoenzymeA 




109 




0.2 


106 




0.1 


100 


Acetyl-coA 


0.100 


93 


Malonyl-ooA 


0.100 


92 


Palmitoleoyl-coA 


0.022 


114 


Oleoyl-coA 


0.024 


108 


Palntitic acid 


0.060 


115 




0.015 


135 




0.002 


133 


Palmitoleic add 


0.100 


100 




0.020 


116 
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Figures 

Referring to Figure 11 th re is shown a partial restriction map (A), subdoning 
(B) and nucieotid sequencing (C) of pLC, a Lotus iaponicus cDNA for 
pantotheate synthetase. A: The L japonicus pantotheate synthetase cDNA 
(pLC) was isolated by functional complementation of £ coli ATI 371 (panC). B 
represents the sub-clones needed for the DNA sequencing strategy v/hich is 
summarised in C. 

Refemng to Figure 1.2 there is shown the nucleotide sequence of the Lotus 
japonicus cDNA for pantothenate synthetase and its predicted amino acid 
sequence. Figure 1 .2 shows the DNA sequence of the 1 .33 kb EcoRI to Xhol 
insert of pLC (described in Figure 1.1). The open reading frame codes for a 
polypeptide of 308 amino acids with a predicted molecular mass of 34.2 kDa 
and with 61% similarity to PS from £ colL The indicated translation start site is 
putative and the stop codon (TAA) is is translated as This ORF on pLC is in 
frame with lacZ which accounts for expression of functional enzyme in £ coli 
and hence the observed complementation effect 

Referring to Figure 2.1 there is shown partial restriction map (A), subcioning 
(B), and nucleotide sequencing (C) of the rice pantothenate synthetase cDNA. 
The original cDNA for rice gene, pRCI, was subcloned in order to obtain its 
complete nucleotide sequence. The arrows indicate the position, direction, and 
length of individual sequencing runs. The open arrow indicates the EST 
sequence (GenBank accession no. D25017). 

Referring to Figure 2.2 there is shown the nucleotide sequence of the rice 
cONA for pantothenate synthetase and its predicted amino acid sequence. The 
figure shows the DNA sequence of the 1 .26 kb Sail to Notl insert of pRCI 
(Figure 2.1). The ORF encodes a polypeptide of 313 residues with a predicted 
molecular mass of 33.9 kD. The indicated translation start site is putative, and 
the stop codon is translated as 
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Ref nring to Figure 2.3 there is depicted a method for generating the /acZ- 
pantothenate synthetase fusion clone for the expression of rice pantothenate 
synthetase in £ coli The orientation of the cDNA in pRC1 was changed to 
yield pRC2 where the open reading frame is under transcriptional control of the 
/acZ promoter. The lacZ-PS fusion was generated by deleting four base pairs 
from pRC2, and the resulting plasmid, pRC. was sequenced to confirm the 
deletion (data not shown). 

Referring to Figure 3.1, the alignment of pantothenate synthetase protein 

sequences is shown. The PS protein sequences predicted from known {Lotus 

japonicus, Oryza sativa, Escherichia coli, Bacillus sub&is, Synechocystis sp.) or 

putative (Saccharomyces cerevisiae, Schizosaccharomyces pombe) genes 

were aligned using CLUSTAL W(1 .5} within the GCG software package. Fully 

conserved residues are marked functionally conserved ones are marked 
II 11 

lotus: Lotus japonicus, rice: Oryza sativa, coli: Escherichia coli (GenBank 
P31663}, subt: Bacillus subtilis (GenBank P52998), syne: Syr)echocystis sp. 
(GenBank U44896), yeast: Saccharomyces cere\nsiae (GenBank P40459), 
pombe: Schizosaccharomyces pombe (GenBank Q09673). 

Referring to Figure 3.2, the subcioning of yeast pantothenate synthetase for 
expression in £ coli is depicted. A: The X bacteriophage clone IPM4950 was 
obtained from the Sanger Centre, Hinxton Hall. Cambridge, UK, where the 
yeast PS sequence had been generated. B+C: Yeast par)C was subcloned in 
two steps to yield plasmid clone pYCI where the gene is placed under 
transcriptional control of the lac promoter. The position of the ORF is indicated 
by arrows. A T3-primed sequencing reaction using pYC1 as template 
confirmed the identity of the EcoRV-H/ndlli insert of the plasmid. 

Referring to Figure 3.3, there is shown the nucleotide sequence of the 
Sacdiaromyces cerevisiae genomic DNA fragment for pantothenate synthetase 
and its predicted amino acid sequence. Figure 3.3 shows the nucleotide 
sequence of the 1 .5 kb EcoRV to H/ndlll genomic DNA fragment of S. 
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cerevisiae that forms the insert of pYCI . The predicted amino acid sequence of 
yeast PS appears below the open reading frame. A Shine-Dalgamo-IIke 
s quence upstream of the translation initiation codon that may fortuitously 
serve as a RBS in £ co// is underlined. § - EcoRV; H - H/ndlll 

Referring to Figure 4 there is shown the inverse PCR product of LxAus 
japonicus genomic regions flanking panC, A: Schematic representation of the 
iPCR product cloned into pCRlL The EcoRI.EcoRI insert was sequenced using 
T7 and Ml 3 reverse primers. Both sequence runs were perfomned in duplicate 
and spanned ca. 600 bases each. B: Nucleotide sequence of the cloned iPCR 
product. The indicated matches with panC cDNA mean identical sequences. 
Positions corresponding to the first base (5* - H) or the last base (3' - §) of the 
panC cONA are marked. Within the 5* flanking genomic sequence, there is a 
stop-codon in frame with the panC ORF. 

Refenring to Figure 5, the expression cassette PCR of Lotus japonicus 
pantothenate synthetase is shown. 

Referring to Figure 6, there is shown the anion exchange chromatographs of 
recombinant Lotus japonicus pantothenate synthetase is shown. A sample of 
ammonium sulphate precipitated and dialysed PS was subjected to anion 
exchange chromatography on a MonoQ HR10/10 column as described in 
Example 7. A: PS activity profile. Fractions 29 through 32 were pooled to give 
sample PS;I, and fractions 57 through 60 were pooled to give sample PS-II. 8: 
Protein elution profile followed by continous measurement of A280 and 
potassium chloride gradient employed. 

Refenring to Figure 7 the results of a high-throughput assay for recombinant 
Lotus japonicus pantothenate synthetase is depicted graphically. Graph A 
shows the effect of enzyme concentration on the reaction rate. Specific 
amounts of MonoQ purified PS-I were assayed as described in Example 9, 
method 2a. The activitynresponse is proportional in a range from 1 to 4 pg PS 
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per assay. Graph B shows the time course of inorganic phosphate formation. 
1 .2 mg ( ), 2.4 mg (M), and 3.0 mg (▲) of MonoQ purified PS-I wer assayed 
as described in Example 9, method 2a. The activity-response is proportional in 
a range from 0 to 20 minutes of incubation. 
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Claims 

1 . An isolated DNA molecule encoding a protein from a plant, which 
protein has pantothenate synthetase activity* 

2. An isolated DNA molecule according to claim 1 , wherein the plant is 
Lotus japonicus. 

3. An isolated DNA molecule according to claim 2, wherein the DNA 
molecule encodes a protein comprising the amino add sequence set 
forth in Figure 1 .2. 

4. An isolated DNA molecule according to claim 3, wherein the DNA 
molecule comprises the nucleotide sequence set forth in Figure 1 .2. 

5. An isolated DNA molecule according to claim 1 , wherein the plant is 
Oryza sativa, 

6. An isolated DNA molecule according to claim 5, wherein the DNA 
molecule encodes a protein comprising the amino acid sequence set 
forth in Figure 2.2. 

7. An isolated DNA molecule according to claim 6, wherein the DNA 
molecule comprises the nucleotide sequence set forth in Figure 2.2. 

8. A non-naturally occuring chimeric gene comprising a promoter operably 
linked to a DNA molecule encoding a protein from a plant having 
pantothenate synthetase activity. 

9. A non-naturally occuring chimeric gene according to claim 8 wherein the 
protein comprises an amino acid sequence selected from the group set 
forth in Figure 1 .2 and Figure 2.2. 
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10. A recombinant vector comprising the chimeric gene of any of claims 8 to 
9 wh rein the v ctor is capable of being stably transformed into a host 
cell. 



11. A host cell stably transfonned with the vector of claim 1 0 wherein the 
host cell is capable of expressing the DNA molecule. 

12. A host cell according to claim 1 1 selected from the group consisting of a 
bacterial cell, a yeast cell and an insect cell. 

13. A method of producing a protein having pantothenate synthetase activity 
in a host organism comprising, 

a) Inserting a DNA sequence encoding a protein having antothenate 
synthetase activity into an expression casette designed for the 
chosen host; 

b) inserting the resultant molecule, containing the individual lements 
linked in proper reading frame, into a vector capable of being 
transfonned into the host cell; 

c) growing the thus transformed host cell in a suitable culture 
medium; and 

d) isolating the protein product either from the transformed cell or 
the culture medium or both and purifying it. 

14. A method for assaying a protein having pantothenate synthetase activity 
comprising, 

a) incubating the protein in a suitable reaction mixture in which the 
protein is capable of catalyzing the conversion of pantoate, 
alanine and ATP to pantothenate, AMP and pyrophosphate; and 

b) determining the amount of pyrophosphate generated by the 
catalytic activity of pantothenate synthetase by a colorimetric 
technique. 
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15. A method for assaying a prot in having pantoth natesynth tas activity 
comprising, incut)ating the protein in a suitable reaction mixture in which 
the prot iniscapabi of catalyzing the conversion of pantoate, 

a) i^-alanine and ATP to pantothenate, AMP and pyrophosphate; 
and 

b) converting the pyrophosphate formed by the catalytic activity of 
pantothenate synthetase into inorganic phosphate by the catalytic 
activity of an inorganic pyrophosphatase; and 

c) determining the amount of inorganic phosphate generated by the 
catalytic activity of the inorganic pyrophosphatase by a 
colorimetric technique. 

16. A method according to claim 1 5 wherein the inorganic pyrophosphatase 
is yeast pyrophosphatase. 

17. A method for assaying a chemical for the ability to inhibit the activity of a 
pantothenate synthetase enzyme from a plant comprising, 

a) incubating the pantothenate synthetase enzyme in a first reaction 
mixture under conditions specified in claim 14 or claim 15; 

b) combining the ^emical and the pantothenate synthetase enzyme 
in a second reaction mixture under the same conditions as in the 
first reaction mixture; and 

c) measuring the amount of either pyrophosphate or inorganic 
phosphate in the first and second reaction mixtures; 
wherein the chemical is capable of inhibiting the activity of the 
pantothenate synthetase enzyme if the amount of either 
pyrophosphate formed or inorganic phosphate formed in the 
second reaction mixture is significantly less than the amount of 
either pyrophosphate formed or inorganic phosphate formed in 
the first reaction mixture. 

18. The use as herbicides of compounds which inhibit pantothenate 
synthetase. 
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19. Herbicidal composition, comprising one or more active ingredients which 
show significant panthotenate synthetase inhibition in an assay 
according to claim 17, 

20. A nucleotide probe capable of specifically hybridizing to a plant 
pantothenate synthetase gene or mRNA, wherein the probe comprises a 
contiguous portion of the coding sequence for a pantothenate 
synthetase from a plant at least 10 nucleotides in length. 

21 . A method of producing a DNA molecule comprising a DMA portion 
encoding a protein having pantothenate synthetase activity comprising, 
a) preparing a nucleotide probe capable of specifically hybridizing to 

a plant pantothenate synthetase gene or mRNA, wherein the 
probe comprises a contiguous portion of the coding sequence for 
a pantothenate synthetase from a plant at least 10 nucleotides in 
length; 

b) probing for other pantothenate synthetase coding sequences in 

populations of cloned genomic DNA fragments or cONA 
fragments from a chosen organism using the nucleotide probe 
prepared according to step a); and 
c) isolating a DNA molecule comprising a DNA portion encoding a 
protein having pantothenate synthetase activity. 

22. The use of a nucleotide probe according to claim 19 to amplify 
pantothenate synthetase coding sequences from a chosen organism via 
the process of polymeras chain reaction. 
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Figure 2.1 
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Figure 6: Anion exchange chromatography of recombinant Lotus jopmucus pantothenate 
synthetase 
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Figure 7: High-throughput assay for rec mbinant Lotus Japonicus pantothenate 

synthetase. 

Protein dep ndence and tim course f the pantothenat synthase 
assay. 
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